ABSTRACT Dysmicoccus brevipes (Cockerell, 1893) (Hemiptera: Pseudococcidae) is one of the most frequent and abundant mealybugs in Brazilian vineyards, where it causes direct and indirect damage to the vines. In this study, we investigated the effect of plant structures, cultivars, and vine rootstocks on the development, survival, and reproduction of D. brevipes under laboratory conditions. Leaves of the tablegrape cultivar ÔItáliaÕ (Vitis vinifera) and ÔNiágara RosadaÕ (Vitis labrusca) and the vine roots of the rootstocks Paulsen 1103 (Vitis berlandieri ϫ V. rupestris) and IAC 572 (Vitis caribaea ϫ 101-14 Mgt) were used as host plants. D. brevipes developed on different vegetative structures, cultivars, and vine rootstocks. D. brevipes showed the shortest developmental period and highest survival and fecundity rates on leaves of cultivar Itália. Survival on leaves was signiÞcantly higher than on roots. Roots of IAC 572 were unsuitable for D. brevipes development, resulting in nonreproductive females. The mealybugsÕ longevity on leaves and vine roots was similar. Higher intrinsic and Þnite rates of increase and net reproductive rate were observed when mealybugs developed on Itália leaves. We concluded that the host plant affects the development and survival of D. brevipes and that the choice of the most appropriate cultivar or vine rootstock can help to reduce pest infestation, and is therefore an additional component to be included in the integrated pest management of grapes.
Mealybugs (Hemiptera: Pseudococcidae) have become increasingly important pests in many crops (BenÐDov 1994) . In vineyards, they are of concern mainly because of direct infestation of table-grape clusters and indirect damage through virus transmission (Walton and Pringle 2004; Daane et al. 2008 Daane et al. , 2012 . Mealybugs can feed on all parts of the vine, including the trunk, leaves, and grape clusters, and occasionally on roots (Godfrey et al. 2002 , Daane et al. 2008 . Direct loss to production occurs when mealybugs infest fruits and excrete honeydew that covers the bunches and leaves, resulting in sooty-mold growth (Flaherty et al. 1992; Godfrey et al. 2002; Daane et al. 2008 Daane et al. , 2012 . In wine grapes, the presence of mealybugs does not cause economic damage, although some evidence indicates that they can modify the wine quality (Bordeu et al. 2012) . However, in table grapes, the presence of mealybugs and the contamination resulting from their feeding can cause cosmetic damage to clusters, reducing marketability (Godfrey et al. 2002 , González and Volosky 2004 , Daane et al. 2012 . Many mealybug species can transmit several important grapevine viruses (Cabaleiro and Segura 1997 , Golino et al. 2002 , Douglas and Krü ger 2008 , Bertin et al. 2010 , such as the leafroll viruses, which can reduce productivity and grape quality (Komar et al. 2007 ).
The several species of mealybugs associated with grapevines in Brazil include Planococcus citri (Risso, 1813) , Planococcus minor (Maskell, 1897) , Pseudococcus maritimus (Ehrhorn, 1900) , Pseudococcus longispinus (TargioniÐTozetti, 1867) , Pseudococcus viburni (Signoret, 1875) , and Dysmicoccus brevipes (Cockerell, 1893) (Daane et al. 2012) .
The identiÞcation of D. brevipes occurrence on grapes is relatively new (Morandi Filho, 2008) . This mealybug is primarily a pest of pineapple in Brazil (Silva et al. 1968) . On grapes, the species has been mainly found on roots, but it can also infest leaves and bunches, causing signiÞcant damage during harvest (Daane et al. 2012) . No information is available about the life cycle of D. brevipes on grapes. Given its occurrence on roots, this species may be important when replanting vineyards, which may lead to reinfestation and contamination (if this species is also a virus vector), as for Pseudococcus calceolariae (Maskell, 1879) in New Zealand (Bell et al. 2009) . In this study, we investigated the development, survival, and reproduction of D. brevipes on leaves of two table-grape cultivars and roots of two vine rootstocks. The varieties of table grapes that are most commonly grown in Brazil were selected for the study. Leaves of the cultivars ÔItáliaÕ (Vitis vinifera) and ÔNiá-gara RosadaÕ (Vitis labrusca) and the vine rootstocks Paulsen 1103 (Vitis berlandieri ϫ Vitis rupestris) and IAC 572 (Vitis caribaea ϫ 101-14 Mgt) were used as host. The bioassays were conducted by using leaves of adult plants collected in vineyards free from insecticide application. The vine rootstocks were cultivated in a greenhouse with one plant (1-yr-old) per container (3 liters).
Materials and Methods

Maintenance of Insect
Development and Survivorship. To determine the development time and survival rate of D. brevipes, adult females from the laboratory colony were isolated in petri dishes (diameter 6.0 cm) with Itália leaf discs (diameter 3.5 cm) until oviposition. First-instar nymphs (Ͻ24-h-old) were transferred to host-plant leaf discs (diameter 3.5 cm) and vine roots (length 4 cm) in petri dishes (diameter 6 cm) containing a layer (1 cm) of 3% agar-water. In total, 150 nymphs were placed individually on leaf discs from each cultivar, and 250 nymphs on each root piece of the vine rootstock. Mealybugs were transferred to new leaves or roots every 5 d to ensure a supply of fresh food.
The experiments were conducted in the laboratory under controlled conditions at 25 Ϯ 2ЊC, 70 Ϯ 10% RH, and a photoperiod of 14:10 (L:D) h. The progress of development was checked every 2 d under a binocular microscope and distinguished based on the occurrence of molting exuviae. The survival rate for each stage is presented as the percentage of individuals that successfully developed to the next stage. The sex of individual mealybugs could not be determined at the egg and Þrst-crawler stages; sex could Þrst be distinguished in the second instar, when males form a cocoon to complete their development (McKenzie 1967) .
Reproduction and Longevity. We measured the longevity and reproductive performance of all insects that successfully molted to the adult stage in the development/survivorship study. The longevity of adult females was checked every 2 d, and insects were maintained individually on leaf discs and vine rootstocks of each host plant. The number of progeny produced from unmated females was recorded, and the nymphs laid each day were removed from the leaf or root. The duration from adult emergence to oviposition (prereproductive period) and the number of days that the females reproduced (reproductive period) were determined. The experiments were conducted under the same conditions as previously described.
Life Table and Data Analysis. Life-table parameters for D. brevipes on Itália and Niágara Rosada leaves were calculated. These included intrinsic rate of increase (r m ), Þnite rate of increase (), net reproductive rate (R o ), mean generation time (T G ), and doubling time (DT). The means and standard errors of the life-table parameters were estimated based on jackknife resampling (Maia et al. 2000) and were compared by using a t-test (␣ ϭ 0.05). Life-table parameters for D. brevipes on IAC 572 and Paulsen 1103 roots were not estimated because mealybugs did not produce offspring when reared on IAC 572 roots and there was a low number of reproductive females on Paulsen 1103 roots.
Development time and adult longevity were analyzed by using nested analysis of variance of the combined data set, where leaves and roots were the main Þxed factor and the cultivars or rootstocks were the random factor nested within leaves/roots. To test for the signiÞcance within groups (leaves or roots), a t-test was applied (␣ ϭ 0.05) (R Development Core Team 2012).
The reproductive periods were analyzed with analysis of variance, followed by TukeyÕs test to separate the means at ␣ ϭ 0.05. The effect of host plants on survival of immature stages and adult fecundity were analyzed Þtting a generalized linear model of the binomial and Poisson types, respectively (Nelder and Wedderburn 1972) .
Results
Development and Survivorship.
No D. brevipes males were observed from Þrst-instar nymphs maintained on leaves and roots, indicating the occurrence of thelytokous parthenogenesis. The nymphal stage of D. brevipes females consisted of three instars on all host plants. The development time of the Þrst or second instar did not differ between leaves and rootstocks (Tables 1 and 2 ). The greatest differences were observed in the third instar, with all rootstocks providing a shorter development time, on average, half the time, compared with leaves (Tables 1 and 2 ).
The D. brevipes nymphal period was signiÞcantly inßuenced by the host plants, with a shorter development time on rootstocks than on leaves (Tables 1  and 2 ). On leaves, there was a signiÞcant difference between cultivars, with the longest nymphal period observed on Niágara Rosada (Table 2) ; on roots, the development period ranged from 31 to 33 d and was not inßuenced by the rootstock variety.
The host tissue had a strong effect on D. brevipes survival (Table 3) . On Itália and Niágara Rosada leaves, the survival rate of the Þrst instar was Ͼ90%, reaching almost 100% on Itália. On the vine rootstocks, survival did not exceed 30%. In the second instar, viability differed signiÞcantly between Itália and Niágara Rosada leaves, with higher survival for mealybugs reared on Itália leaves. Survival of second instars on roots did not differ between the rootstocks (Table 3 ). The highest survival in the third instar was observed on Itália and Niágara Rosada leaves, whereas the highest mortality was observed on Paulsen 1103 roots (Table 3) .
Survival rates from Þrst-instar nymph to adult ranged from 5% on roots of Paulsen 1103 to 64% on Itália leaves (Table 3) . Despite this low survival on roots, mealybugs that were reared on roots had the shortest developmental period, indicating that the roots as food source for the species allow D. brevipes development.
Longevity and Reproduction. Female life span on all plants was similar ( No signiÞcant difference was found in the preoviposition and oviposition periods between leaves of the two cultivars; however, females reared on Itália leaves showed higher fecundity (Table 4) . Fecundity on Paulsen 1103 roots was not included in the statistical analysis because of the low number of replicates and high variance (only four females were reproductively active, and the mean number of nymphs per female was 57.50 Ϯ 35.33). IAC 572 rootstock was unsuitable for the development of D. brevipes, resulting in nonreproductive females.
Life- Table Parameters . The demographic parameters for D. brevipes differed between the cultivars Itália and Niágara Rosada. The net reproductive rate (R o ) that represents the number of times that the population increases per generation showed that the D. brevipes population increased 20 times per generation on Itália leaves and Ϸ14 times on Niágara Rosada (Table 5) .
The other life-table parameters were also affected by the host plant. Higher values of the intrinsic rate of increase (r m ) and Þnite rate of increase () were also observed on Itália leaves (Table 5 ). The mean generation time (T G ) was lower for mealybugs reared on Itália leaves (Table 5) , mainly because of the shorter developmental period. Following the same trend, the time required for doubling the population (DT) was also shorter on Itália leaves (Table 5) .
Discussion
Different cultivars and vine rootstocks had a pronounced effect on the development, survival, and reproduction of D. brevipes. This mealybug species could develop on leaves and roots of grapevines, although the development time differed between hosts. The differences observed in the life cycle may be related to nutritional factors, as different plant species show differences in nutritional quality that can affect insect survival and development. The inßuence of the host plant on life-history traits has also been demonstrated with other mealybug species. The development time of P. citri on grape leaves (ÔCabernet Sauvignon,Õ ÔIsabel,Õ and Itália) and vine roots (Isabel, 101-14, IAC 572) was shorter than that observed on Itália berries . These authors also observed that P. citri did not complete its life cycle on IAC 572 roots and produced infertile adults when reared on Itália berries .
The extended nymphal period of D. brevipes on Niágara Rosada leaves may be because of lower nutritional quality, as a more appropriate food usually shortens development (Parra 2001) , as observed for the development time of the third instar and also for the nymphal period of D. brevipes on both rootstocks.
Not all plants or parts of them are nutritionally adequate for sap-sucking insects, as in the case of mealybugs. The nitrogen content of the host plant is crucial for the development of phytophagous insects, and the concentration of soluble nitrogen, in the form of free amino acids, can vary according to the species, variety, and part of the plant (Risebrow and Dixon 1987) . The hypothesis for the shorter developmental time and increased occurrence of this species on roots in the Þeld is that the nitrogen concentration is higher in roots than in leaves, because the vine has the ability to store nitrogen in the perennial parts of the plant, especially the roots, for subsequent mobilization and redistribution (Brunetto et al. 2005) .
Evidence suggests that high levels of chemical fertilizers can cause nutritional imbalances in the plant, increasing its susceptibility to insect pressure (Altieri and Nicholls 2003) . Hogendorp et al. (2006) studied the inßuence of nitrogen concentration on the reproduction and development of the citrus mealybug P. citri on coleus (Solenostemon scutellarioides L. Codd). Their results showed that higher nitrogen concentrations, in the form of supplemental fertilizers, led to high reproductive capacity, larger female size, and shorter development times. Nitrogen also affected Macrosiphum euphorbiae (Thomas) (Hemiptera: Aphididae), which when reared on plants without fertilizers or with a low nitrogen level had lower reproductive performance and longevity, thereby demonstrating the importance of this nutrient for insect feeding (Jansson and Ekbom 2002) . However, without a quantitative measurement of the nitrogen concentrations in the leaves and vine roots in this study, the effects of nitrogen on the development of D. brevipes remain speculative.
The percentage survival differed between host plants. The low survival on roots may be because of antibiosis, when the host plant adversely affects the biology of the phytophagous insect, reducing the size, longevity, and fecundity and increasing mortality; or alternatively may indicate that this mealybug does not prefer to feed on roots (Schoonhoven et al. 2005) .
The age of the host plant can also affect the nutrition of phloem sap-sucking insects, owing to physiological changes in plants and in the availability of nutrients (Lazzari and ZontaÐ de-Carvalho 2009) . Another possibility is that the experiments were conducted in the laboratory, which might be a factor in the low survival rate. The exposure of the roots in petri dishes may have affected the development of D. brevipes, which in the Þeld remains protected and covered by the soil.
D. brevipes proved to be able to develop on Itália and Niágara Rosada leaves and on IAC 572 and Paulsen 1103 roots. Itália leaves were most suitable for the e Fecundity on Paulsen 1103 roots was not included in the statistical analysis because of the low number of replicates and high variance (only four females were reproductively active). species development because of the shorter developmental period combined with higher survival and fecundity, although the development period was shorter when the mealybugs fed on roots, regardless of the rootstock used. This is consistent with Þeld observations that D. brevipes is the most common species on vine roots in southern Brazil (M.B., unpublished data). The development period (from Þrst-instar nymph to adult) of D. brevipes on leaves of different pineapple cultivars, its main host plant, was the same as that observed on vine roots in this study (SantaÐCecṍlia et al. 2004 ). However, the survival of D. brevipes on pineapple cultivars (SantaÐCecṍlia et al. 2004 ) was lower than the survival rate obtained on the tablegrape leaves in this study, suggesting that the host plant strongly inßuences the species development. Furthermore, in the adult phase, the femalesÕ longevity on table-grape leaves was greater than for D. brevipes maintained on different pineapple cultivars (SantaÐCecṍlia et al. 2004 , Colen et al. 2000 .
Regarding reproductive performance, females were not able to reproduce on IAC 572 roots. Some vine rootstocks generally show high vigor and resistance to the main soil pests, including IAC 572, which is resistant to phylloxera, Daktulosphaira vitifoliae (Fitch, 1856) (Hemiptera: Phylloxeridae) (Nachtigal 2003) . This resistance may explain the low survival rate and reproductive capacity of D. brevipes on this host, as also observed for P. citri .
The mean number of nymphs per female on Paulsen 1103 roots was higher than the fecundity on leaves, but this average was based on only four females, and these data were not included in the statistical analysis. Despite the low number of reproductive females, this rootstock allows D. brevipes development. On leaves, female fecundity was higher on Itália.
The oviposition period was similar on leaves and vine roots, averaging 32 d. Menezes (1973) , studying the D. brevipes life cycle on pineapple, noted that only fertilized females were able to produce offspring after a preoviposition period of about 8 d. Comparison with the results of this study suggests that the preoviposition period is shorter in females that reproduce sexually.
Life-table analysis suggested that D. brevipes has a greater potential to increase its population level on Itália leaves compared with Niágara Rosada leaves. D. brevipes may be better adapted to V. vinifera than to V. labrusca. Different Vitis species can show differential susceptibility to pests, as in the famous case of the Grape phylloxera, Da. vitifoliae (Fitch), which have coevolved with American Vitis species, rarely causing damage (Granett et al. 1996) . However, other Vitis species like European grape species (V. vinifera) are highly susceptible to the Grape phylloxera damage (Granett et al. 1996) .
We conclude that the host plant can affect the development and survival of D. brevipes and that the choice of the appropriate cultivar or rootstock can help to reduce pest infestation. This is an additional component to be included in integrated pest management systems. The use of the Niágara Rosada variety and the IAC 572 rootstock would be an effective strategy to reduce D. brevipes infestation in the Þeld, whereas the Itália variety and the Paulsen 1103 rootstock tend to favor mealybug infestation.
